We studied the conditions necessary for optimal recovery of bacteria from cerebrospinal fluid. Our results indicated that Streptococcus pneumoniae, Neisseria meningitidis, and Haemophilus influenza can be quantitatively recovered in the sediment after centrifugation at 1,500 x g for 15 min. Equivalent numbers of bacteria were recovered by centrifugation or filtration of antibiotic-free cerebrospinal fluid; however, bacterial recovery by filtration was less effective with antibiotic-supplemented cerebrospinal fluid.
We studied the conditions necessary for optimal recovery of bacteria from cerebrospinal fluid. Our results indicated that Streptococcus pneumoniae, Neisseria meningitidis, and Haemophilus influenza can be quantitatively recovered in the sediment after centrifugation at 1,500 x g for 15 min. Equivalent numbers of bacteria were recovered by centrifugation or filtration of antibiotic-free cerebrospinal fluid; however, bacterial recovery by filtration was less effective with antibiotic-supplemented cerebrospinal fluid.
Treatment of bacterial meningitis with specific and appropriate antibiotics requires prompt identification of the infecting pathogen. Detection of bacterial antigens by counterimmunoelectrophoresis or the quellung reaction is sensitive, although limited by the need for special buffer systems to detect some antigens and by the unavailability of good quality antisera against organisms such as Neisseria meningitidis (1) . Microscopic examination and culture of cerebrospinal fluid (CSF) are still the definitive tests for the diagnosis of bacterial meningitis. Although large numbers of bacteria may be present in the CSF of patients with meningitis (3, 4), the optimal conditions for recovering these organisms have not been defined. In addition, the number of bacteria in CSF is reduced in patients partially treated with antibiotics and in the early stages of the disease (2-5). Thus, to improve the initial detection of bacteria in CSF, most laboratories concentrate the organisms by centrifugation or membrane filtration (6, 9, 10) .
In these studies, we determined the gravitational forces and centrifugation time required to completely sediment bacteria in CSF, the effect of leukocytes on bacterial sedimentation, and the effectiveness of membrane filtration.
MATERIALS AND METHODS
Test organism. The three organismm used in this study (Streptococcus pneumoniae, type 3; N. meningitidis, type B; Haemophilus influenza, nontypeable) were originally isolated from clinical specimens received at the Barnes Hospital Clinical Microbiology Laboratories.
Sedimentation of organisms in CSF. The experiments were performed with pooled CSF which had been received previously for serological tests, filtered to remove bacteria and other cells, and frozen at -20°C. After overnight growth in Mueller-Hinton broth, the test organisms were adjusted to a concentration of 107 colony-forming units per ml of saline, and 10 pl of the suspension (105 organisms) was added to 1 ml of CSF in a 12-ml conical centrifuge tube (Falcon Plastics, Division of Becton, Dickinson & Co., Rutherford, N. J.). Specimens were centrifuged in a Sorvall GLC-2B centrifuge (type HL-4 swinging bucket rotor) at different centrifugal forces (250, 500, 1,000, and 1,500 x g) and for different times (5, 10, and 15 min). The supernatant CSF (1 ml) was then withdrawn with a Pasteur pipette, and 10-' and 10-2 dilutions were prepared in saline. The sediment was resuspended in 1 ml of saline and diluted (10-' and 10-2).
Then, 100MAl each of the undiluted and diluted samples was inoculated onto chocolate blood agar plates. After 24 to 48 h of incubation, the numbers of bacteria in the CSF supernatant fluid and sediment were determined quantitatively by colony counts.
The effect of leukocytes on bacterial sedimentation was examined by adding leukocytes collected from peripheral blood to CSF (final concentration, 1,000 cells per mm3). The CSF was then inoculated with bacteria and processed as described above.
Recovery of organism by membrane filtration. Bacterial recovery by filtration was examined with antibiotic-free CSF and CSF supplemented with ampicillin (1 jug/ml), penicillin (1 ,ug/ml), or chloramphenicol (10 ,g/ml). Ail three test organisms were inhibited by these antibiotic concentrations. Totals of 10', 102, 103, 104, and 105 bacteria per ml were prepared in antibiotic-free and antibiotic-supplemented CSF. From each dilution a 0.1-ml sample was immediately plated onto chocolate blood agar, and a 1-ml sample was passed through a 0.45-/m HA cellulose acetate and nitrate filter (Swinnex holder; Millipore Corp., Bedford, Mass.). The filters were aseptically removed and inverted onto chocolate blood agar plates. After 24 to 48 h of incubation, the filters were removed, and the colony-forming units at each dilution were used to calculate the number of bacteria recovered from the original inoculum. For determining if washing the filters to remove antibiotic-supplemented CSF would improve the recovery of bacteria, 3 ml of saline was passed through the filter after filtration of the antibiotic-containing CSF and before the filter was removed from the holder. Recovery on saline-washed filters was compared with recovery on unwashed filters of antibiotic-free and antibiotic-supplemented CSF. RESULTS Sedimentation of bacteria. S. pneumoniae in CSF without leukocytes was completely sedimented after centrifugation at 500 x g for 15 min, whereas centrifugation at 1,000 x g for N. meningitidis and 1,500 x g for H. influenza was required for complete sedimentation (Fig.  1) . In the presence of 1,000 leukocytes per mm3, all S. pneumoniae and N. meningitidis organisms and 95% of H. influenza organisms were recovered in the sediment after centrifugation for 15 min at 1,000 x g (Fig. 1) . After centrifugation of CSF without leukocytes at 1,500 x g for 10 min, 100% of S. penumoniae organisms, 90% of N. meningitidis organisms, and 74% of H. influenza organisms were sedimnented (Fig.   2 ).
Recovery of bacteria by membrane filtration. Although the same numbers of bacteria were recovered from filtered and unfiltered antibiotic-free CSF, the presence of ampicillin (1 kg/ml), penicillin (1 ,ug/ml), or chloramphenicol (10 ,g/ml) in the CSF reduced the number of bacteria recovered on filters by as much as 1,000-fold (Table 1) . Although not tabulated here, antibiotic inhibition was eliminated by passing saline through the filters before culturing. Bacterial recovery was equivalent on saline-washed filters of antibiotic-supplemented CSF and unwashed filters of antibiotic-free CSF. 
DISCUSSION
The frequency of positive Gram stains and cultures of CSF is related to the number of bacteria in the CSF (2, 3, 5) , which is a function of the organism responsible for the meningitis, the antibacterial response of the patient, the duration of the infection (early versus late and uncontrolled), and prior antimicrobial therapy.
Feldman (3, 4) demonstrated that the mean number of bacteria in meningitis caused by S. pneumoniae, N. meningitidis, or H. influenza was between 105 and 108 colony-forming units per ml of CSF, although fewer than 1,000 bacteria per ml were observed in some patients. Antibiotic therapy, which is initiated before CSF collection in as many as half of the patients with meningitis, can cause a 10-2 to 10-6 decrease in the number of bacteria recovered from CSF (2, 3, 5) .
CSF cultures are generally processed in one of three ways: (i) the entire specimen is cultured if a small amount of fluid is received; (ii) for larger amounts of fluid, the specimen is concentrated by centrifugation, and the sediment is cultured; or (iii) the specimen is filtered, and the filter is inverted onto agar culture medium (6, 9, 10) . The present studies demonstrate that to completely sediment the bacteria commonly associated with meningitis, the specimen must be centrifuged for 15 min at 1,500 x g, a centrifugal
force that can be obtained with most clinical centrifuges. At lesser centrifugal forces or shorter time periods, a significant proportion of bacteria, particularly H. influenzae, is not sedimented ( Fig. 1 and 2) . Others have suggested that CSF should be centrifuged at 10,000 x g (7), a force which we found to be unnecessary, or at centrifugation speeds from 1,000 to 3,000 VOL. 12, 1980 )j rpm (6, 10) . The rate at which bacteria are sedimented in CSF is determined by the relative centrifugal force, which is related to the centrifugation speed (revolutions per minute) by the formula RCF = 11.17 * (r)l(N/l,000)2, where RFC is the relative centrifugal force, r is the rotational radius (centimeters), and N is the rotational speed (revolutions per minute). Therefore, although the centrifugal force and speed are related, the forces obtained at different speeds (i.e., from 1,000 to 3,000 rpm) cannot be determined unless the rotational radius is known. With the Sorvall GLC-2B centrifuge and HL-4 rotor (r = 18.11 cm) used in the present study, a centrifugal speed of 2,723 rpm was required to obtain a centrifugal force of 1,500 x g. We did not specifically investigate the effect of differences in the viscosity of CSF on bacterial sedimentation. The increased protein concentration and pleocytosis associated with bacterial meningitis increase the viscosity of the CSF and adversely affect bacterial sedimentation. However, in preliminary experiments no appreciable difference in sedimentation was seen between pooled CSF and CSF from a patient with purulent meningitis.
Although filtration has been recommended as a method of concentrating bacteria in CSF samples (9), the number of bacteria recovered was significantly reduced in specimens supplemented with antibiotics. The reduction of bacterial recovery resulted from the antibiotics and not from the filtration technique because similar numbers of bacteria were recovered in filtered and unfiltered antibiotic-free CSF (Table 1) . Although aminoglycoside antibiotics adsorb to cellulose filters (8), this has not been reported with other antibiotics. Inhibition by antibiotics was removed by washing the filters with saline, and, therefore, the antibiotics were most likely associated with residual CSF and not firmly bound to the filters. This additional processing, however, would not be practical for most laboratories.
In conclusion, we recommend that CSF specimens be centrifuged at 1,500 x g for 15 min before bacterial culture. Although filtration is as effective as centrifugation for antibiotic-free specimens, it should not be used for specimens from patients who have received antibiotics. LITERATURE CITED
